Background: Mild cognitive impairment (MCI) is a global-scale issue, due in large part to the rapidly growing elderly population. The main polyphenol contained in coffee beans, chlorogenic acid (CGA), improves attention in healthy individuals. The utility of CGAs for treating MCI, however, has not been evaluated. Objective: To determine the effects of continuous CGA intake on cognitive function, especially attention, in patients diagnosed with MCI. Methods: The study was a randomized controlled crossover trial including 34 patients with MCI. Participants were randomly divided into two groups: Those who first ingested a placebo beverage and those who first ingested an active beverage containing CGAs (553.6 mg/bottle) twice daily for 12 weeks. After a 4-week washout period, the subjects ingested the other beverage (i.e., placebo or active beverage) in the same manner. Endpoint measures included scores on the Japanese version of the Mini-Mental State Examination (MMSE), the Japanese version of the Alzheimer's Disease Assessment Scale-cognitive component (ADAS-cog) testing overall cognitive function, and the Japanese version of the Trail Making Test (TMT-A, TMT-B) testing attention, along with the results of blood tests to evaluate safety. Results: In the TMT-B test, participants had a significantly reduced number of errors while ingesting the CGA beverage as compared with the placebo beverage (p < 0.05), although there was no difference in test completion time. Scores in the MMSE, ADAS-cog, and TMT-A did not differ significantly between conditions. Conclusion: Continuous intake of CGAs appears to improve attention and executive function among cognitive functions in MCI.
INTRODUCTION
Improving and maintaining cognitive functions are important goals for patients with mild cognitive impairment (MCI), in order to delay the transition to dementia. Memory impairment is the main symptom of dementia, and impairment in attention and executive ability underlie the deterioration of memory [1] . Therefore, evaluating attention, in addition to memory function, is important in patients with MCI.
Coffee intake has protective effects against some diseases, including type 2 diabetes mellitus, Alzheimer's disease, and Parkinson's disease [2] [3] [4] . Some of these health benefits are attributed to the chlorogenic acids (CGAs) in coffee beans [5, 6] . A recent study reported that consuming CGAs (300-600 mg/day) improved postpran-dial lipid metabolism, insulin resistance, vascular endothelial function, and sleep in healthy humans [7] [8] [9] [10] . CGAs and their metabolites also exhibit neuroprotective effects and inhibit amyloid-␤ aggregation [11] [12] [13] . In a mouse model of scopolamineinduced cognitive impairment, administration of 5-CQA, the main component of CGAs, suppressed hippocampal acetylcholinesterase activity and reduced oxidative stress [14] . Thus, CGAs are expected to be effective for improving cognitive function in humans.
We recently reported that a continuous intake of CGA (300 mg/day) for 4-6 months improved cognitive function, especially attention and executive function, in middle-aged and elderly populations [15, 16] . This study conducted a randomized controlled trial to clarify the potential for patients with MCI.
MATERIALS AND METHODS

Participants
Participants were recruited from MCI patients (men and women, 60-84 years of age) who attended the Memory Clinic Ochanomizu (Tokyo, Japan). They were screened to confirm that they had not progressed to dementia and to obtain initial data. Eligibility criteria for participants at screening were as follows: MCI, defined as stage 0.5 on the Japanese version of the Clinical Dementia Rating (CDR) [17] ; more than 23 points on the Japanese version of the Mini-Mental State Examination (MMSE) [18] ; no history of treatment for a serious illness (cancer, myocardial infarction, and stroke) within the previous 5 years; no dementia drugs taken; less than 5 points on the Japanese version of the Geriatric Depression Scale-Short Version (GDS) [19] ; and the ability to understand the study and consent to participation. Patients with food allergies, receiving psychotropic drugs, or judged to be inappropriate for the study by the principal investigator were excluded. Participants were recruited by doctors.
Study protocol
The study protocol was reviewed and approved by the Human Ethics Committee of Kao Corporation (Sumida-ku, Tokyo, Japan [approval date, September 5, 2017] ) and Shinagawa Season Terrace Health Care Clinic (Minato-ku, Tokyo, Japan [approval date, September 15, 2017]), and registered in the UMIN Clinical Trial Registry before enrollment of the first participant (UMIN-CTR; URL: http://www.umin.ac.jp/ctr/, ID:UMIN000029163). All participants provided written informed consent before participation in the study. The study was conducted under the supervision of the principal investigator in accordance with the principles of the Declaration of Helsinki. Activities related to the implementation of this study were managed by the KSO Corporation (Tokyo, Japan) and conducted at the Memory Clinic Ochanomizu from September 2017 through to October 2018.
Test beverage and production
In order to clarify the potential of patients with MCI, this study was designed to continue with an intake of 1 g/day, the highest dietary dose of CGA [20] . The test beverages were specially prepared for the study and included an active beverage that contained 553.6 mg of CGAs in 100 ml of water and a placebo beverage in an identical sealed aluminum bottle that contained no CGAs; both beverages had the same volume and taste, and contained fewer than 5 kcal. The test beverage was taken twice a day.
CGAs were extracted from Coffea canephora green coffee beans by a hot water extraction method and decaffeinated using activated carbon; dry powder was then produced by spray drying [21] . As caffeine impairs sleep function [22] , the caffeine level of the beverage was adjusted to less than 1 mg/100 ml. The CGAs comprised three quinic acid derivatives: 68.9% caffeoylquinic acids, 13.2% feruloylquinic acids, and 17.9% dicaffeoylquinic acids. A cup of coffee (200 ml) contains 70-200 mg of CGAs, and CGAs are also found in fruits and vegetables, and are thus consumed on a daily basis [20] . Therefore, the daily intake of CGA in this study was equivalent to 5 or 6 cups of coffee.
Study design
This was a randomized, double-blind, placebocontrolled crossover trial (Fig. 1 ). The study comprised two 12-week intake periods, with a 4week washout period between them (total of 28 weeks). The cognitive function tests and medical checkups were performed at the study site at the end of each intake period (Visit 1 and Visit 2). Before the first intake (Visit 0), the principal or subinvestigator administered CDR, GDS, and cognitive function tests; measured vital signs; and conducted blood tests for screening. The principal investigator selected the participants to be enrolled based on the eligibility and exclusion criteria. The selected participants were assigned to one of the two groups (Sequence A and Sequence B) by stratified block randomization. The stratification factors were age, MMSE scores, and Alzheimer's Disease Assessment Scale-cognitive component (ADAS-cog) scores [23] . Subjects ingested the active or placebo beverage for 12 weeks. After a washout period of at least 4 weeks, they ingested the other beverage (i.e., placebo or active beverage) for 12 weeks. The first 12-week intake period was referred to as Period 1, and the second 12-week intake period was referred to as Period 2. The allocation table was sealed by the person responsible for group allocation and stored in a sealed container until breaking of the blinding. The subjects consumed two test beverages per day (active beverage, CGAs 553.6 mg/100 mL × 2; placebo beverage, CGAs 0 mg/100 mL × 2) during the period after dinner to 1 h before bedtime. In order to maintain the compliance of participants: 1) doctors and staff were advised to encourage participants to drink test beverages during outpatient visits, 2) the participants recorded their daily physical condition and test beverage consumption, and 3) the required amount of test beverages was provided every 2 weeks.
Cognitive function assessments
This study was conducted in patients who had already been diagnosed with MCI due to a decline in cognitive function and who were attending clinic. A simple test was chosen to ensure a cognitive test for MCI patients. Cognitive function tests, the MMSE, ADAS-cog, and Trail Making Test (TMT-A and -B), were administered at the beginning (Visit 0) and end of each period (Visit 1 and 2). The TMT is an appropriate evaluation for detecting differences between healthy individuals and MCI patients [24] , and was used to assess psychological attention [25, 26] or executive function [27] .
The Japanese version of the TMT-B contains 25 circled numbers and letters (13 numbers from 1 to 13, and 12 Japanese hiragana characters). For both tests, when a participant made a mistake in the order of connecting the numbers during the test, the sub-investigator immediately asked the participant to correct the error and continue. The time required to connect the lines and the number of errors in both tests were recorded. If subjects could not complete the tests within 5 min, the tests were stopped, and the last number or letter reached was recorded. The TMTs were administered after participants performed a practice exercise with a 10-number/character version.
Blood chemistry and interview
Blood samples were collected during screening and at the end of each treatment period. Blood count and chemistry parameters were measured by the LSI Medience Corporation (Tokyo, Japan). The blood CGA levels were measured by Sumika Chemical Analysis Service (Osaka, Japan) according to the reported method [28] . A physician interview was conducted to evaluate each subject's subjective symptoms and objective findings.
Safety assessments
Safety evaluations included all recorded adverse events (AEs), blood tests at visits (screening and at the end of the treatment periods), vital signs, and interview. AEs were any undesirable or unintended medical signs that occurred in participants during the study beverage intake period. 
Statistical analysis
The analysis was repeated using the per-protocol set (PPS), which was defined as those participants who did not drop out during the test beverage intake period and had all cognitive tests after treatment and did not receive any anti-dementia drugs. The full analysis set (FAS), defined as all randomized participants that received study treatment and had at least one cognitive test after treatment and safety test values, were evaluated. The efficacy for cognitive functions in patients with MCI was compared between conditions using the Wilcoxon signed rank test. Blood CGA levels were compared between the baseline and end of the active condition using a paired ttest. Safety data were compared between conditions using a paired t-test. AEs were recorded in all randomized participants, and the incidence of AEs was compared between conditions using Fisher's exact test. Missing values were not replaced by other values to conduct the analysis. The sample size was determined to be 20 per group on the basis of a previous study in healthy subjects [16] . The significance level for all tests was set at 5%. Statistical data are expressed as mean ± standard deviation (SD). SPSS version 24 (SPSS Japan Inc., Tokyo) was used for statistical analysis.
RESULTS
Participants and initial characteristics
Thirty-four subjects agreed to participate in this study and underwent screening; all were judged to be eligible and were enrolled. The flow of participants in this study is shown in Fig. 2 . The study was started after the participants were allocated to either Sequence A or Sequence B. During Period 1, three subjects (placebo beverage) withdrew from the study after it began. The reasons for withdrawal included AEs (n = 2) and personal reasons (n = 1). During Period 2, two subjects (placebo beverage [n = 1] and active beverage [n = 1]) withdrew from the study due to AEs. A total of 29 subjects (Sequence A, 13 subjects; Sequence B, 16 subjects) completed the study. A total of 31 participants, excluding three who lacked all test values after allocation, were analyzed as the FAS. Of the 29 participants who completed the study, one was determined to be tak- ing a dementia drug listed in the exclusion criteria and was excluded. Therefore, 28 participants were analyzed as the PPS. The initial background data of the 34 study participants are summarized in Table 1 , and treatment compliance is shown in Supplementary Table 1 . The initial background characteristics of the PPS (n = 28) and six subjects who dropped out or were excluded from the analysis are shown in Supplementary Table 2 , and there were no significant differences in the initial cognitive function values. Therefore, analysis was performed on the PPS. Over 80% of the test beverages were ingested during the study period.
Cognitive function assessment
The baseline characteristics of the participants are shown in Table 1 . Cognitive test results after intervention with the test beverages are shown in Table 2 . A 12-week period of continuous intake of the test beverage significantly reduced the number of TMT-B errors in the active beverage condition as compared with the placebo beverage condition (p < 0.05). No significant change was observed between conditions in the times taken to complete the MMSE, ADAS- cog, and TMT. All cognitive tests had no significant carryover effect in Period 1 and Period 2.
CGA in the blood
Transition of CGA, which was the active ingredient in the active beverage, to the blood was 7.9 ± 14.5 ng/ml before the start of the test, and 9.4 ± 18.1 ng/ml at the end of the active condition; the difference was not significant (p = 0.585). The details of blood CGA levels are shown in Supplementary Table 3 . In addition, there was no significant correlation between the change in blood CGA levels and the number of TMT-B errors before and after intake of the active beverage (R = 0.011, p = 0.571).
Safety assessment
Data regarding weight and blood pressure are summarized in Table 3 . Systolic blood pressure was significantly reduced during the 12-week period of continuous intake of the active test beverage condition as compared with the placebo beverage (p < 0.05). Blood test values are shown in Table 4 . No significant changes were observed in any items between the conditions. Thirty-one AEs were observed in the active beverage condition and 23 AEs were observed in the placebo beverage condition during the test-beverage intake periods. However, the difference in the number of AEs between the two conditions was not significant. As shown in Supplementary Table 4 , there was no significant difference in the incidence of AEs per event between the two conditions, and the investigator judged that there was no relationship between the AEs and the test beverages.
DISCUSSION
To our knowledge, this is the first report showing that continuous intake of a CGA beverage (1107.2 mg/day) significantly reduces TMT-B errors in MCI patients. In a previous study investigating healthy individuals, we similarly reported that CGAs improved an indicator related to attention [15, 16] . In the first trial of patients with MCI, we observed improvements in the TMT, an indicator of attention and executive function, in the CGA beverage condition [27] . The TMT measures attention, execution speed, and cognitive flexibility. The TMT comprises two tests, TMT-A and TMT-B. The TMT-A is an indicator of perceptual tracking and execution speed and is used to evaluate visual and motor search behavior. The TMT-B is an indicator of the ability to allocate attention and suppress or switch responses [29] . Although CGAs did not affect the TMT-A, improvement in the TMT-B was observed, suggesting that the ability to allocate attention was enhanced. Furthermore, although there was no difference in the test achievement time, there was a significant difference in the number of errors in the TMT-B, suggesting that CGA enhanced attention maintenance and attention levels. Attention impairment affects memory, such as in MCI patients for whom daily activities are apparently non-problematic, but for whom forgetfulness worsens to a more advanced age level [1] . Thus, these findings suggest that CGA, which may improve attention and executive functioning among cognitive functions, may be useful for MCI patients.
In this study, the blood CGA concentration did not significantly increase after a continuous intake for 3 months of the active beverage condition, indicating that CGAs were not accumulated in the body. In a previous report [30] , CGAs (176-704 mg/d) were metabolized within approximately 8 h after ingestion and were not detected in the blood. On this basis, it could be considered that even a large amount of CGAs (1100 mg/d) are mostly metabolized in a short time. Also, the blood CGA concentration did not significantly correlate with the number of TMT-B errors. Therefore, it is unlikely that the effect of CGA on cognitive function is related to CGA levels in the blood. We previously reported that a continuous intake of CGAs reduced blood pressure [31] by improving vascular endothelial function, reducing mRNA levels of NADPH oxidase, a reactive oxygen species [32] . Improving vascular endothelium function is also expected to affect the cerebrovascular system. Attention and executive functions are strongly related to cerebral circulation. Part of the action of CGA may be related to the vascular function improvement effect. In addition, CGA is reported to inhibit acetylcholinesterase and have antioxidant activity in the hippocampus [14] . Furthermore, a CGA metabolite is reported to have nerve growth activity [12] . Thus, cognitive function could be improved by a combination of the various effects of CGAs.
CGAs significantly decreased systolic blood pressure, a safety endpoint, when compared with placebo. Problematic symptoms related to a decrease in blood pressure were not observed and the decrease in blood pressure was not sufficient enough to require an adjustment in the dose of antihypertensive drugs. Our findings are consistent with the fact that CGAs have an antihypertensive effect [33, 34] . The antihypertensive effect of CGAs is due to improvements in endothelial function, and it is unlikely that the blood pressure would be excessively decreased. Thus, CGAs could safely contribute to improving cognitive functions. Considering that hypertension is a risk factor for dementia and impaired cognitive function in the elderly [35] , a continuous intake of CGAs would be expected to improve cognitive functions, not only in healthy individuals, but also in individuals with MCI. Therefore, CGAs may have the potential to delay the onset of dementia.
In terms of safety, AEs occurred in 17 subjects in both the CGA-containing beverage and placebo beverage conditions during the 12-week intake period, corresponding to approximately 50% of the study participants. Interviews conducted by the investigator, however, confirmed that none of the AEs were attributable to the test beverages, suggesting that CGA-containing beverages can be safely ingested by MCI patients.
This study has some limitations. First, the participants of this study were individuals with MCI seen at a single memory clinic. However, the participants were from various parts of a large city, Tokyo. Second, although the daily amount of CGA ingested in this study was high, equivalent to that of 5-6 cups of coffee ( 1000 mg/d), ingesting the test beverage for 12 weeks did not increase CGA blood concentration. This finding suggests that CGA is a metabolizable substance, even at relatively large amounts. Therefore, it is difficult to conclude that the blood CGA concentration is directly associated with the effect of CGAs on cognitive functions. The effects of CGAs on cognitive function requires further elucidation. This study is a 3-month crossover trial, and in the future, it would be important to conduct a long-term parallel trial to verify the effects of CGA. Despite these limitations, our results indicate that a continuous intake of CGAs improves attention and executive function among cognitive functions in patients with MCI.
